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ABSTRACT 

Using a large sample of 90 Seyfert 2 galaxies (Sy2s) with spectropolarimetric observations, we tested the 
suggestion that the presence of hidden broad-line regions (HBLRs) in Sy2s is dependent upon the Eddington 
ratio. The stellar velocity dispersion and the extinction-corrected [O III] luminosity are used to derive the mass 
of central super-massive black holes and the Eddington ratio. We found that: (1) below the Eddington ratio 
threshold of 10" 1 ' 37 , all but one object belong to non-HBLRs Sy2s; while at higher Eddington ratio, there is 
no obvious discrimination in the Eddington ratio and black hole mass distributions for Sy2s with and without 
HBLRs; (2) nearly all low-luminosity Sy2s (e.g., L[o mj < 10 41 erg s" 1 ) do not show HBLRs regardless of the 
column density of neutral hydrogen (A^h); (3) for high-luminosity Sy2s, the possibility to detect HBLRs Sy2s is 
almost the same as that of non-HBLRs Sy2s; (4) when considering only Compton-thin Sy2s with higher [O III] 
luminosity (> 10 41 erg s -1 ), we find a very high detectability of HBLRs ,~ 85%. These results suggested that 
AGN luminosity plays a major role in not detecting HBLRs in low-luminosity Sy2s, while for high-luminosity 
Sy2s, the detectability of HBLRs depends not only upon the AGN activity, but also upon the torus obscuration. 

Subject headings: galaxies: active — galaxies: Seyfert — galaxies: statistics 



1. INTRODUCTION 

Seyfert 2 galaxies (Sy2s) belong to a subclass of low- 
luminosity active galactic nuclei (AGN) with the absence of 
broad permitted optical lines, compared to Seyfert 1 galaxies 
(Syls). The standard paradigm of AGN is an accretion disk 
surrounding a central super-massive black hole (SMBH), with 
other components, such as broad-line regions (BLRs), narrow- 
line regions (NLRs), jet, torus, et al. (e.g. Rees 1984; An- 
tonucci 1993; Urry & Padovani 1995). In the scheme of AGN 
oriented-unification model, the distinction between Sy2s and 
Syls depends on whether the central engine and BLRs are 
viewed directly (Syls) or are obscured by circumnuclear torus 
(Sy2s). This scenario was first suggested to explain the pres- 
ence of polarized broad emission lines in NGC 1068, in ad- 
dition to spectropolarimetric observations of hidden broad-line 
regions (HBLRs) in several other Sy2s (Antonucci & Miller 
1985; Tran 1995; Heisler, Lumsden & Bailey 1997; Moran 
et al. 2000; Lumsden et al. 2001; Tran 2001; Zakamsa 
2003b). Infrared observations also confirmed the existence of 
broad emission lines in several Sy2s (Veilleux, Goodrich & Hill 
1997). More evidence for this simple unification model comes 
from the X-ray observations: Sy2s show much higher column 
density of neutral hydrogen (Nh) than type 1 ones as expected 
from the torus obscuration. In the local Universe, about half of 
Sy2s are found to be Compton-thick sources with A^h > 10 24 
cm" 2 (Maiolino et al. 1998; Bassani et al. 1999; Risaliti, 
Maiolino & Salvati 1999). 

However, some Sy2s don't show HBLRs in the spectropo- 
larimetric observations and some Sy2s have column densities 
lower than 10 22 cm~ 2 (so called "unabsorbed Sy2s", Panessa & 
Bassini 2002) in the X-ray observation, which challenged the 
oriented-unification model indeed. It is still not clear what kind 
of physical process is related to the presence of HBLRs in Sy2s. 
Natively, the detectability of HBLRs in Sy2s depends upon the 



sensitivity of observation, the strength of BLRs, and the incli- 
nation of the torus to the line of sight, etc (e.g. Moran et al. 
2001 ; Gu & Huang 2002; Nicastro et al. 2003; Laor 2003; Tran 

2003) . For unabsorbed Sy2s with N H < 10 22 cm -2 , their BLRs 
are either obscured by something other than the torus or it is 
weak or absent (Panessa & Bassini 2002; Gallo et al. 2006). 
For Compton-thick Sy2s (A^h > 10 24 cm" 2 ), it is impossible to 
estimate precisely the intrinsic X-ray luminosity (e.g. Maiolino 
et al. 1998; Bassani et al. 1999; Shu et al. 2006). 

It has been shown that the detectability of HBLRs in Sy2s is 
found to be related with the IRAS fyo / f%s flux ratio (Heisler, 
Lumsden & Bailey 1997; Lumsden, Alexander & Hough 2004) 
and the AGN activity (Sy2s with HBLRs have higher AGN 
luminosities, e.g. Lumsden & Alexander 2001; Gu & Huang 
2002; Tran 2001, 2003). Some authors claimed that Sy2s with- 
out HBLRs have larger A^h (e.g. Lumsden, Alexander & Hough 

2004) and some did not (e.g. Gu & Huang 2002; Tran 2001). 
Recently, Shu et al.(2006) suggested that the detectability of 
HBLRs for luminous Sy2s is related to A^h- For a small spec- 
tropolarimetric sample (from Tran 2001), Nicastro et al.(2003) 
found that the detectability of HBLRs in Sy2s is regulated by 
the Eddington ratio. Laor (2003) also proposed an analogous 
model for the existence of BLRs in AGNs. 

In this paper, we calculate the Eddington ratios for a larger 
Sy2s sample (mainly from Gu & Huang 2002) to test the sug- 
gestion that the presence of HBLRs in Sy2s is dependent upon 
the Eddington ratios. In section 2, we briefly introduce the sam- 
ple and present the calculation of Eddington ratios. Our results 
and discussion are given in Sec. 3. 

2. THE SAMPLE AND EDDINGTON RATIOS 



Gu & Huang (2002) collected host-galaxy morphological 
types and multi-wavelength data (radio, infrared, optical, and 
hard X-ray) for a sample of 90 Seyfert 2 galaxies with spec- 
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tropolarimetric observations. Out of these 90 objects, 41 show 
HBLRs, and 49 do not (see their Tables 1 and 2). The 
HBLR/non-HBLR classification is mostly from the results of 
Tran (2001; 2003). 

In order to calculate the Eddington ratios, Lboi/^Edd, where 
L E dd = 1-26 x 10 38 M B h/M q erg s" 1 , we need to know the 
SMBH mass and the bolometric luminosity. As we know, re- 
cent important progress on AGN study is that we can derive 
more reliable SMBHs' masses through several empirical meth- 
ods. The broad emission lines from BLRs (e.g. H/3, Mg II, CIV, 
Ha), the reverberation mapping method, the empirical BLR 
size-luminosity relation and the SMBHs mass-stellar velocity 
dispersion relation (the Mbh - &* relation) can be used to de- 
rive the virial SMBHs masses in type 1 AGNs (e.g. Kaspi et 
al. 2000, 2005; Wang & Lu 2001; Gu et al. 2001; Vestergaard 
2002; McLure & Jarvis 2002; Bian & Zhao 2004; Wu et al. 
2004; Greene & Ho 2006a; Nelson et al. 2001; Tremaine et al. 
2002; Greene & Ho 2006a, 2006b; Bian et al. 2006). 

Because of the absence of the broad emission lines from 
BLRs in Sy2s, we use the Mbh - o* relation to derive the 
SMBHs mass (Tremaine et al. 2002), which is M B h(M q ) = 
10 813 [<7*/(200km s" 1 )] 402 . The stellar velocity dispersions 
(fi*) are collected from the recent literature, mainly from Nel- 
son & Whittle (1995) and Garcia-Rissmann et al. (2005), the 
latter measured er* through fitting Ca IIAA 8498, 8542, 8662 
triplet. For the common objects in Nelson & Whittle (1995) 
and Garcia-Rissmann et al. (2005), the values of cr* are almost 
the same and we adopted the new values by Garcia-Rissmann et 
al. (2005) for their smaller error bars. Thus, we obtained er* for 
20 HBLRs Sy2s and 25 non-HBLRs Sy2s. Because the NLRs 
dynamics is primarily dominated by the bulge gravitational po- 
tential (e.g. Whittle 1992; Nelson & Whittle 1996; Greene & 
Ho 2005), we also used full width at half-maximum (FWHM) 
of [O III]A5007 as a proxy for er* for Sy2s without direct <r* 
measurement, 0% = FWHM[o nij/2.35/1.34, where 1.34 is a 
factor between the stellar velocity dispersion and the gas ve- 
locity dispersion (Greene & Ho 2005). We obtained 0% from 
[O III] FWHM for 4 HBLRs Sy2s and 1 1 non-HBLRs Sy2s. 
Finally, we could calculate the SMBHs masses for 24 HBLRs 
and 36 non-HBLRs Sy2s. 

Following Kauffmann et al. (2003), we use the [O III] lumi- 
nosity as a tracer of the AGN intrinsic luminosity (Zakamsa 
et al. 2003a; Heckman et al., 2004; Greene & Ho 2005). 
The extinction-corrected luminosity of [O III]A5007 is given 
as L[o in] = 47rD 2 f jqjjjj , where Fjq IU j is the extinction-corrected 
flux of [O III]A5007 emission line derived from the relation 
(Bassani et al. 1999) 

_ cobs r (H a /H / 3) bs 2.94 

Vn]-w (fWH/3)o J 

where an intrinsic Balmer decrement (H Q /Hg)o = 3.0 is 
adopted. The bolometric luminosity is calculated by assuming 
Lboi = 3500L[oni] (with an uncertainty of 0.4 dex, Heckman et 
al., 2004). At last we calculate the Eddington ratios, Lboi/^Edd, 
for this larger sample of Sy2s. 

The uncertainties in the Eddington ratios depend on the un- 
certainties in black hole masses and bolometric luminosities. 
The uncertainties of SMBHs are from 0% and Mbh _ rela- 
tion (0.3 dex, Tremaine et al. 2002). The uncertainty of cr* 
is typically about 20 km s" 1 , which would lead to uncertainty 
of about 0.3 dex in the logarithm of SMBH mass. Combined 
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with the uncertainties of Mbh _ cr» relation and the bolomet- 
ric luminosity, the uncertainties of the Eddington ratio is about 
0.5 index. Recently, Zhang & Wang (2006) used the [O III] 
FWHM to calculated the SMBHs masses of Sy2s and suggested 
that absorbed non-HBLRs Sy2s harbor less massive black hole 
with higher accretion rates, which are similar to narrow-line 
Seyfert 1 galaxies (NLSls). They found that the mean Ed- 
dington ratio of non-HBLRs Sy2s is 0.23 ±0.14, which is 
larger than ours (-0.47 ± 0.16). The difference is due to the 
SMBHs masses. Their SMBHs masses were derived from the 
FWHMjo in] while ours are mainly from the stellar velocity dis- 
persion. In Figure 1, we showed the relation between the [O III] 
FWHM and 0% for the common objects. The solid line showed 
a„ = FWfflW [ om]/2.35/1.34. It is obvious that, for most ob- 
jects in Zhang & Wang (2006), the [O III] FWHM underesti- 
mates (7 * . 

In Table 1 and Table 2, we presented the multi-wavelength 
properties of non-HBLRs Sy2s and HBLRs Sy2s. In Table 3, 
we presented the distributions of SMBHs masses and the Ed- 
dington ratios for Sy2s with and without HBLRs. 

3. RESULTS AND DISCUSSION 

3.1. Distributions of SMBHs masses and the Eddington ratios 

In Figure 2, we show the distributions of the SMBHs masses 
and the Eddington ratios for HBLRs Sy2s and non-HBLRs 
Sy2s. The distribution of the SMBHs masses is almost the same 
for HBLRs Sy2s and non-HBLRs Sy2s. For the whole sample, 
the mean Eddington ratio for HBLRs Sy2s is larger than non- 
HBLRs Sy2s by the magnitude of 0.40, which is much smaller 
than the standard deviation of 0.79 (see Table 3). 

In order to show the similarity between the distributions for 
the Eddington ratios and the SMBHs masses, we used the two 
sample Kolmogorov-Smirnov (K-S) test, kolmov task in IRAF 
Q. The K-S test showed that the distributions of the Eddington 
ratios/SMBHs masses for non-HBLRs Sy2s and HBLRs Sy2s 
subsamples are drawn from the same parent population with 
the probability of 48.5% and 64.8%, respectively (see Table 3 
for detail). Therefore, for the whole sample, there is no signifi- 
cant difference in the Eddington ratios/SMBHs masses between 
non-HBLRs Sy2s and HBLRs Sy2s. 

Due to the complicated nature of unabsorbed Sy2s {Nh < 
10 22 cirT 2 , Panessa & Bassini 2002; Gallo et al. 2006 ), we 
also calculated the distributions of the SMBHs masses and the 
Eddington ratios only for HBLRs Sy2s and non-HBLRs Sy2s 
with Nh > 10 22 cm" 2 . The distributions of SMBHs masses and 
the Eddington ratios keep nearly the same as for the whole Sy2s 
sample. 

As we showed in Section 2, the [O III] FWHM 
underestimated er* if we used the formulae, cr* = 
FW//M[oni]/2.35/1.34. In our sample, there are 15 objects 
without direction er* measurements. Excluding these 15 ob- 
jects, we perform the K-S test to Sy2s with direct 0% measure- 
ments, the results are almost the same, which is presented in 
Table 3 as case C. 

3.2. An Eddington ratio threshold for HBLRs and non-HBLRs 

Sy2s? 

As we mentioned in Section 1, AGN activity is required to 
understand the difference of Sy2s types. AGN luminosity is 
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mainly from the disk accretion onto central SMBHs. Some 
authors discussed the relation between the formation of BLRs 
and the disk accretion process (e.g. Nicastro 2000; Bian & 
Zhao 2002). Nicastro (2000) suggested that BLRs were formed 
by accretion disk instabilities occurring in the critical radius 
at which the disk changed from gas pressure dominated to ra- 
diation pressure dominated. This radius diminishes with de- 
creasing low enough accretion rates and BLRs can't form. Laor 
(2003) also proposed an analogous model that the existence of 
BLRs in AGNs was based on the observed upper limit of emis- 
sion line width of 25,000 km s" 1 . Nicastro et al. (2003) used 
the relation between the SMBHs masses and the Hubble-type- 
corrected bulge luminosity to calculate the SMBHs masses. 
They then derived the Eddington ratio from the 2-10 keV X- 
ray luminosity (Lx) by assuming a conversion factor, L\, \/Lx, 
of 10. They argued that Sy2s with HBLRs have the Eddington 
ratio larger than the threshold of 10" 3 , while non-HBLRs Sy2s 
lie below this threshold (see their Figure 2). 

Though 2-10keV hard X-ray luminosity is a direct estima- 
tor of the AGN activity, and [O DTJA5007 luminosity repre- 
sents only an indirect (i.e., reprocessed) measurement of the 
nuclear activity, due to the large absorbing column density of 
Sy2s, it is very hard and time-consuming to derive X-ray data 
for a large sample of Sy2s. On the other side, Kauffmann et al. 
(2003) have shown that extinction-corrected L [0 m] is a good 
indicator of AGN activity for Type II AGNs. Here we obtained 
more reliable SMBHs masses from the Tremaine's Mbh - 
relation, and the bolometric luminosity from the extinction- 
corrected [O III]A5007 luminosity. We used Lboi = 3500L[o m] 
and Nicastro et al. (2003) used Lboi = 10L X . However, some 
larger samples showed that log(Lx/L[o nrj) ~ 1 dex (e.g. Heck- 
man et al. 2005), therefore the Lboi/LEdd from Nicastro et al. 
(2003) would be lower than ours by ~ 1.5 dex. In Nicastro et 
al. (2003), the threshold of Eddington ratio is corresponding to 
the L x /L E d<i threshold of 10" 4 . In order to test the suggestion 
of Nicastro et al. (2003), we have to transform the Lx/^Edd 
threshold into the L\, \/L E a threshold. 

In the left panel of Figure 3, we showed L x versus L[o inj. 
The red squares denote the HBLRs Sy2s and the black squares 
for the non-HBLRs Sy2s. The solid line is the best fit with the 
fixed slope index of 1.0, logL[o nrj = (-0.91 ±0. 14) + logLx, 
with the correlation coefficient (R) of 0.71 and a null probabil- 
ity of P nu u < 0.001. The dash line is the best fit with unfixed 
slope index, logL {0m] = (15.18 ± 5.1 1) + (0.62 ± 0.12)/ogL x , 
R=0.71 and P nul i = 0.001. For two local AGN samples selected 
by the [O III] flux and the hard X-ray luminosity, Heckman 
et al. (2005) found the relation between the hard X-ray lu- 
minosity and the [O III] luminosity, they found that the mean 
value of log(Lx/L[0 ni]) for Sy2s is 0.57 with a standard devi- 
ation of 1.06 dex (see their Figure 3). Our result is different 
from theirs. The reason is that they didn't perform the intrin- 
sic dust extinction correction for [O III] flux. Recently, Net- 
zer et al. (2006) find that L t o mj/Lx decrease with L x , and 
give log(L [0 m] /L x ) = (15.0±4.0)-(0.38±0.09)ZogL x , which 
is very similar to our results (see also Shu et al. 2006). 

In the right panel of Figure 3, we show Lx/^Edd versus 
Lboi/^Edd- The solid line is the best fit with the fixed slope 
index of 1.0, log(L M /L Edd ) = (2.63 ± 0.18) + log(L x /L Eii ), 
R=0.58 and P nu ii < 0.001. The dash line is the best fit with 
unfixed slope index, log(L boX /L mi ) = (0.95 ± 0.52)+ (0.47 ± 
0.16)log(Lx/L EdA ), R=0.58 and P nuU = 0.006. Considering the 
relation between L x /L E dd and Lboi/^Edd (the solid line in the 



right panel of Figure 3), the log{Lx/ L E a) threshold of -4 is 
corresponding to the /og(Lboi/L E dd) threshold of-1.37±0.18. 

Following Nicastro et al. (2003), in Figure 4 we show the 
distribution of SMBHs masses (left panel) and the extinction- 
corrected [O III]A5007 luminosity (right panel) versus the Ed- 
dington ratios. With the larger sample, there is no obvious 
boundary in L ho \/L EiA (the threshold of i()- L37±0 - 18 ) between 
HBLRs Sy2s and non-HBLRs Sy2s. Below the Eddington ratio 
threshold of 10~ L37 , there are only seven objects, all but one ob- 
ject (NGC513) belong to non-HBLRs Sy2s. Thus it suggested 
that at lower Eddington ratio, few HBLRs Sy2s are found, 
which is consistent with the model of Nicastro et al. (2003). 
However, we note that at higher Eddington ratio, distribution of 
SMBHs masses and Eddington ratios are nearly the same for 
HBLRs Sy2s and non-HBLRs Sy2s (see Figure 4). 

3.3. Other factors on the detectability of HBLRs in Sy2s: Nh, 
[O III]/X-ray luminosity, IRAS color f^o / fis 

Because spectropolarimetry just deals with a few percent of 
the light from the object, detectability of HBLRs strongly de- 
pends observationally on a variety of factors, such as the dilu- 
tion of the polarized signal by host galaxy light, sensitivity and 
the inclination of the torus to the line of sight. It happens that 
objects previously thought to be non-HBLR do in fact show 
broad polarized lines in deeper observations (e.g., Moran et al 
2001). Here we just use their HBLR/non-HBLR classification 
from the sample of Gu & Huang (2002), which is mostly from 
Tran (2001; 2003). 

As we mentioned in the section of introduction, for 
Compton-thick Sy2s (Nh > 10 24 cm~ 2 ), it is not possible to es- 
timate precisely the intrinsic X-ray luminosity. In Figure 5, 
Compton-thick Sy2s are located above the solid horizon line of 
Nh = 10 24 cm" 2 and Compton-thin Sy2s are below this line. In 
the left-hand panel in Figure 5, we show Nh versus Lboi/^Edd- If 
just considering the Compton-thin Sy2s, we find that all three 
objects below the threshold of 10" 1 37 are non-HBLRs Sy2s. 
Although only a few data points, there is a trend that at smaller 
Eddington ratio, more non-HBLRs Sy2s can be found. Above 
the threshold of 10" 1 37 , there are 10 HBLRs Sy2s and 7 non- 
HBLRs Sy2s with L bo i/L Edd above the threshold of 10" 1 37 . 
Thus at larger Eddington ratio, the detectability of HBLRs Sy2s 
and no-HBLRs Sy2s are almost the same (see Figure 5). There 
are four unabsorbed (3 non-HBLRs and 1 HBLR) Sy2s below 
the solid horizon line of Nh = 10 22 cm" 2 in the left-panel of Fig- 
ure 5. Two unabsorbed non-HBLRs Sy2s have the Eddington 
ratio larger than the threshold of 10~ 137 . 

In the right-hand panel in Figure 5, we show Nh ver- 
sus L[oni]. For Compton-thin Sy2s with lower [O III] lu- 
minosity (< 10 41 erg s" 1 ), we find that there are only one 
HBLRs Sy2s and 8 non-HBLRs Sy2s, suggesting higher frac- 
tion of Compton-thin non-HBLRs Sy2s. In fact, for the low- 
luminosity sources (< 10 41 erg s" 1 ), there are only two HBLRs 
Sy2s and 10 non-HBLRs Sy2s, nearly all of them do not show 
HBLRs regardless of Nh, suggesting that AGN luminosity 
plays a major role in the low-luminosity end. For Compton- 
thin Sy2s with higher [O III] luminosity (> 10 41 erg s" 1 ), we 
find that there are 17 HBLRs Sy2s and 3 non-HBLRs Sy2s, sug- 
gesting higher detectability of Compton-thin HBLRs Sy2s (~ 
85%). However, for Compton-thick Sy2s with higher [O III] lu- 
minosity (> 10 41 erg s -1 ), we found that there are 8 HBLRs Sy2s 
and 10 non-HBLRs Sy2s, suggesting the detectability fraction 
is much smaller than Compton-thin sources. These results are 
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consistent with the recent work by Shu et al. (2006). Zakamsa 
et al. (2003b) conducted spectropolarimetry of 12 type II (ob- 
scured) quasar candidates selected from Sloan Digital Sky Sur- 
vey (SDSS). The Lrp ni] luminosity of these candidates were 
about 10 9 Lq,^ 10 erg s" 1 , larger than our adopted value of 
10 41 erg s" 1 . Polarizations were detected in all objects and 
HBLRs were safely detected in five objects. 

It has been showed that HBLRs Sy2s have smaller values 
of /60//25. and smaller Balmer decrements as measured by the 
ratio of the narrow lines, Ha/H/3, compared to non-HBLRs 
Sy2s (Heisler, Lumsden & Bailey 1997). The mean value of 
/60//25 is 5.08 ±0.39 for non-HBLRs Sy2s and 2.50 ±0.21 
for HBLRs Sy2s. Just considering the absorbed Sy2s (Nn > 
10 22 cm" 2 ), the difference of the /60//25 distribution is more sig- 
nificant 5.62 ± 0.67 for non-HBLRs Sy2s and 2.46 ± 0.23 for 
HBLRs Sy2s). And K-S tests show that the /60//25 distribu- 
tions for non-HBLRs Sy2s and HBLRs Sy2s subsamples are 
drawn from the same parent population with a possibility of 
0.0037 and 0.0031 for the whole sample and for objects with 
N H > 10 22 cm" 2 , respectively. A plot of L bo i/L Edd vs. /60//25 
showed that the correlation would be nice for Compton-thin 
Sy2s (R=-0.37, P null = 0.03). The solid line is the best fit, 
/60//25 = (4.22 ± 0.54) -(1. 18 ±0.52)/ O £(L bol /L Edd ) (see Fig- 
ure 6). However, this correlation becomes weaker (R=-0.32, 
^nuii = 0.02) for the whole Sy2s sample. Near/mid infrared 
emission is regarded as being anisotropic whereas far infrared 
is isotropic, fa)/ fi5 can be used as an orientation indicator 
of torus (Heisler et al. 1997). The larger values of fa)/fis 
showed the higher tours inclination to the line of sight. The 
median correlation between fa)/ j "25 an d ^boi/^Edd showed that 
the larger Eddington ratio would lead to smaller torus opening 



angle (e.g. Wang et al. 2005), and cooler infrared color is ex- 
pected (smaller fm/fa)- 

4. CONCLUSION 

We calculated the SMBHs masses and the Eddington ratios 
for a larger compiled Sy2s sample. For Sy2s with the Eddington 
ratio larger than the threshold of 10 _1 31 , there is no obvious dis- 
crimination in the Eddington ratios/black hole masses for Sy2s 
with and without HBLRs; Sy2s with low luminosity and low 
Eddington ratios do not show HBLRs regardless of Nh, which 
is consistent with the prediction of Nicastro et al. (2003). For 
high-luminosity Compton-thin Sy2s, we find very higher de- 
tectability of HBLRs Sy2s (~ 85%). However, as the present 
sample in this paper is an amalgamation of different observa- 
tions with diverse quality of spectropolarimetric data, varying 
from object to object determined by the brightness, observers, 
integration time, and a host of other factors, it is hard to entan- 
gle the physical nature of Sy2s with and without HBLRs. In the 
future, we need more new data of hard X-ray spectra with good 
quality optical spectropolarimetric information. 
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Table 1 

The non-HBLRs Sy2s sample. 





name 


L \0 III] 


a 


Ret. 


tOgM hh 


log(L bol /L Edd , 


^60/ '25 






lo%{L x /L Ed<] ) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


Mrk334 


am 


79 


4 


6.51 


0.52 


4.o4 


20.64 


43.10 


-1.51 


NGC34 


42.772 


105 


3 


7.00 


1.22 


6.76 




_ 


_ 


IRASOO 198-7926 


42.562 


239 


5 


8.44 


-0.43 


2.49 


> 24 


_ 


_ 


Mrk573 


42.001 


123* 


1 


7.28 


0.16 


1.59 




_ 


_ 


NGC1144 


42.251 


219* 


2 


8.29 


-0.59 


8.72 


20.70 


< 43.28 


-3.11 


Mrkl066 


42.175 


105* 


1 


7.01 


0.61 


4.86 


> 24 






NGC1241 


42.472 


136* 


2 


7.46 


0.46 


8.29 




_ 


_ 


NGC1320 


40.959 


116* 


1 


7.18 


-0.78 


2.19 




_ 


_ 


NGC1358 


40.783 


173* 


1 


7.88 


-1.65 


3.05 




_ 


_ 


NGC1386 


40.586 


120* 


1 


7.24 


-1.21 


4.03 


> 25 


_ 


_ 


IRAS03 362- 1642 


41.529 


_ 




_ 


_ 


2.13 




_ 


_ 


IRAS04 103-2838 




_ 




_ 


_ 


3.39 




_ 


_ 


IRAS042 10+0400 


42.328 


127 


6 


7.34 


0.44 


2.38 




_ 


_ 


IRAS04229-2528 


41.903 


_ 




_ 


_ 


3.69 




_ 


_ 


IRAS04259-0440 


40.44 


_ 




_ 


_ 


2.80 




_ 


_ 


NGC1667 


41.921 


173* 


1 


7.88 


-0.51 


8.91 


> 24 


_ 


_ 


NGC1685 


42.582 


_ 




_ 


_ 


4.48 




_ 


_ 


ESO428-G014 


41.937 


127 


7 


7.34 


0.05 


2.49 


> 25 


_ 


_ 


IRAS08277-0242 




_ 




_ 


_ 


3.45 




_ 


_ 


NGC3079 


40.427 


150* 


8 


7.63 


- 1 .76 


14.01 


22.204 


40.25 


-5.48 


NGC3281 


40.998 


123 


3 


7.28 


-0.84 


2.65 


23.903 


42.80 


-2.58 


IRAS 10340+0609 




_ 




_ 


_ 


1.56 




_ 


_ 


NGC3362 


41.269 


92* 


1 


6.77 


-0.06 






_ 


_ 


UGC6100 


42.18 


156* 


1 


7.70 


-0.07 


2.84 




_ 


_ 


NGC3660 


40.914 


_ 




_ 


_ 


7.78 


20.255 


41.8 


_ 


NGC3982 


40.019 


62* 


1 


6.09 


-0.62 


8.26 




_ 


_ 


NGC4117 




95* 


1 


6.83 


_ 






_ 


_ 


NGC4501 


39.804 


171* 


8 


7.86 


-2.61 


5.95 




_ 


_ 


NGC4941 


40.894 


80 


3 


6.53 


-0.19 


4.10 


23.653 


40.82 


-3.81 


NGC5135 


42.311 


128* 


2 


7.35 


0.40 


6.73 


> 24 






NGC5194 


40.168 


102* 


1 


6.95 


-1.34 


6.59 


23.699 


39.96 


-5.10 


NGC5256 


41.825 


100 


3 


6.92 


0.35 


6.36 


> 24 






NGC5283 


40.836 


148* 


1 


7.60 


-1.32 










Mrkl361 


42.242 










3.91 








IRAS13452-4155 


42.098 


80 


9 


6.51 


1.03 


2.27 








NGC5643 


41.225 


77 


3 


6.44 


0.23 


5.03 


> 25 






NGC5695 


40.501 


144* 


1 


7.56 


-1.61 


4.39 








NGC5728 


42.083 


209* 


8 


8.21 


-0.68 


10.19 








IRAS 19254-7245 


42.731 










3.96 


> 24 






NGC6890 


40.808 


78 


3 


6.48 


-0.23 


4.92 








IRAS20210+1121 


43.124 










2.42 


> 25 






NGC7130 


42.477 


141* 


2 


7.52 


0.40 


7.76 


> 24 






NGC7172 


39.767 


154* 


2 


7.67 


-2.46 


6.37 


22.934 


42.50 


-3.28 


NGC7496 


40.211 


76* 


2 


6.44 


-0.79 


5.54 


22.699 


41.65 


-2.89 


IRAS23128-5919 












6.79 








IC5298 


42.078 










4.65 








NGC7582 


41.357 


121* 


2 


7.25 


-0.45 


6.90 


23.079 


42.14 


-3.21 


NGC7590 


39.949 


93* 


2 


6.79 


-1.40 


9.07 


20.964 


40.80 


-4.10 


NGC7672 




98* 


1 


6.88 




2.96 









Note: Col. (1) the galaxy name; Col. (2) the extinction-corrected [OIII1 A5007 luminosity in units of Lq ; Col. (3) the stellar velocity dispersion in units of km s ; Col. (4) reference of ct* ; Col. (5) SMBHs masses in units of Mq ; Col. (6) the Eddington ratio; 

Col. (7) IRAS color / 6 q// 2 5; Col. (8) gaseous absorbing column density (N^) in units of cm -2 ; Col. (9) the absorption-corrected hard X-ray (2-10 keV) luminosity in units of erg s _1 forCompton-thinSy2s; Col. (10) the ratio of Lx lo the Eddington luminosity. 
*(inCol.3): cr* from Ca II Triplets, and the rest are from FWHM of [O HIT A 5007. 

References.: (1) Nelson & Whittle 1995; (2) Garcia-Rissmann 2005; (3) Whittle 1992; (4) Wilson & Nath 1990; (5) Lipariet et al. 1991; (6) Gelderman & Whittle 1994; (7) Wilson & Baldwin 1989; (8) McElroy 1995; (9) Young et al. 1996. 




FIG. 1. — The [O III] FWHM versus cr* for the common objects in our sample and the sample of Zhang & Wang (2006). The solid line showed cr* = 
FWHM [om] /235/l34. 
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Table 2 
The HBLRs Sy2s sample. 



name 
(1) 




L \0 III] 

(2) 


a 

(3) 


_ — 

Ref. 

(4) 




' r> S M bh 
(5) 


, . 

/o £< L bol/ L Edd> 
(6) 


" 7 77 

J 60/ J 25 
(7) 




<8) 




(9) 


, 

!og(L x /L Edd ) 

(10) 


Mrk348 


41.912 


118* 


I 


7.21 


0.15 


1.42 


23.04 


43.01 


-2.30 


IRAS0052 1-7054 


42.743 


- 


- 


- 


- 


1.27 




- 


- 


NGC424 


41.462 


163 


3 


7.78 


-0.87 


1.18 


24.18 


- 


- 


NGC513 


40.597 


152* 


1 


7.65 


-1.61 


6.33 




- 


- 


NGC591 


41.954 


95* 


1 


6.83 


0.57 


4.33 




- 


- 


IRASO 147 5-0740 


41.689 


- 




- 


- 


1.10 




- 


- 


NGC788 


40.99 


140* 


1 


7.51 


-1.07 


0.99 




- 


- 


NGC1068 


42.645 


128* 


1 


7.35 


0.74 


2.16 


> 25 


- 


- 


IRAS02581-1136 


41.536 


- 




- 


- 


1.07 




- 


- 


IRAS04385-0828 


40.117 


- 




- 


- 


1.77 




- 


- 


IRAS05 189-2524 


42.459 


- 




- 


- 


3.99 


22.69 


43.33 


- 


Mrk3 


43.221 


269* 


1 


8.65 


0.02 


1.30 


24.04 


- 


- 


NGC2273 


41.449 


124* 


1 


7.30 


-0.40 


4.88 


> 25 


- 


- 


Mrkl210 


42.195 


77* 


2 


6.46 


1.18 


0.98 


> 24 


- 


- 


NGC3081 


41.331 


129* 


2 


7.36 


-0.59 




23.82 


41.83 


-3.63 


IRAS11058-1131 


42.316 


- 




- 


- 


2.39 


> 24 


- 


- 


Was49b 


42.412 










1.45 


22.799 


42.97 




NGC4388 




il9 




7 22 


10 








~2 58 


NGC4507 


41.569 


146* 


2 


7.58 


-0.57 


3.95 


23.462 


43.22 


-2.46 


IC3639 


42.113 


95* 




6.83 


0.73 


2.95 


> 25 






MCG-3-34-64 


42.322 










2.06 


23.881 


42.53 




NGC5252 


41.963 


190* 


1 


8.04 


-0.63 




22.633 


43.06 


-3.08 


NGC5347 


40.446 


93* 


1 


6.79 


-0.90 


1.25 


> 24 






Mrk463E 


42.785 


173 


3 


7.88 


0.35 


1.51 


23.204 


42.65 


-3.33 


Circinus 


40.474 


75* 


1 


6.42 


-0.50 


3.64 


> 24 






NGC5506 


41.608 


86 


4 


6.65 


0.40 


2.01 


22.531 


42.86 


-1.89 


Mrk477 


43.543 


117 


3 


7.20 


1.79 


2.51 


> 24 






ESO273-IG04 


42.372 










2.77 








NGC5929 


40.926 


121* 


1 


7.25 


-0.88 


5.64 


20.763 


42.09 


-3.27 


NGC5995 


42.904 










2.82 


21.934 


43.43 




IRAS 15480-0344 


42.946 










1.47 








IRAS17345+1124 


42.956 










2.47 








NGC6552 


42.122 










3.64 


23.778 


42.46 




IRAS20460+1925 


42.838 










1.67 


22.398 


44.08 




IC5063 


41.919 


160* 


1 


7.74 


-0.38 


1.53 


23.38 


42.85 


-2.99 


IRAS22017+0319 


42.497 










1.61 


21.301 


43.41 




NGC7212 


42.636 


137* 


1 


7.47 


0.61 


4.08 


23.653 


42.36 


-3.21 


MCG-3-58-7 


43.916 










2.77 








IRAS 23060+0505 


41.692 










2.70 


22.924 


44.16 




NGC7674 


42.495 


144* 


1 


7.56 


0.38 


2.81 


> 25 






NGC7682 


41.718 


123* 


1 


7.28 


-0.12 


2.03 









Note: * (in Col. 3): Col. (1) the galaxy name; Col. (2) the extinct i on- correc led [O III1A5007 luminosity in units of Lq ; Col. (3) the stellar velocity dispersion in units of km s 1 ; Col. (4) reference of cr# ; Col. (5) SMBHs masses in units of Mq ; Col. (6) 

the Eddington ratio; Col. (7) IRAS color /go//25' Co1 - * 8 ' gaseous absorbing column density (JV^) in units of cm -2 ; Col. (9) the absorption -corrected hard X-ray (2-10 keV) luminosity in units of erg s _1 for Complon-lhinSy2s; Col. (10) the ratio of Z,x to the 
Eddington luminosity, ct* from Ca II Triplets, and the rest are from FWHM of [O III1 A 5007. 

References.: (1) Nelson & Whittle 1995; (2) Garcia-Rissmann 2005; (3) Whittle 1992; (4) Wilson & Nath 1990; (5) Lipariet et al. 1991; (6) Gelderman & Whittle 1994; (7) Wilson & Baldwin 1989; (8) McElroy 1995; (9) Young et al. 1996. 



Table 3 

The distributions of SMBHs masses and the Eddington ratios for HBLRs Sy2s and non-HBLRs Sy2s. 



Type 


log(M BH /M ) 


SDt 


Nl 


PI 


log(L io ; / 'L E dd) 


SD 2 


N2 


P2 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


non-HBLRs Sy2s 


7.22± 0.10 


0.57 


36 


64.76% 


-0.47± 0.16 


0.93 


34 


48.50% 


HBLRs Sy2s 


7.33±0.10 


0.51 


24 




-0.07± 0.16 


0.79 


24 




A:non-HBLRs Sy2s 


7.35±0.19 


0.57 


9 


82.41% 


-0.01± 0.20 


0.59 


9 


43.46% 


A:HBLRs Sy2s 


7.23± 0.21 


0.67 


10 




0.22± 0.29 


0.90 


10 




B:non-HBLRs Sy2s 


7.13± 0.19 


0.60 


10 


40.05% 


-0.96± 0.25 


0.79 


10 


16.70% 


B:HBLRs Sy2s 


7.44± 0.13 


0.40 


10 




-0.16± 0.16 


0.52 


10 




C:non-HBLRs Sy2s 


7.33± 0.11 


0.53 


25 


93.86% 


-0.78± 0.19 


0.91 


23 


16.53% 


C:HBLRs Sy2s 


7.33± 0.12 


0.52 


20 




-0.17± 0.16 


0.72 


20 





NOTE:Col.l: type; Col. 2: log of SMBHs masses in units of M Q ; Col. 3: the standard deviation of log of SMBHs masses; Col.4: 
Number; Col. 5: possibility from the same parent population of the SMBHs mass distribution; Col. 6: log of the Eddington ratio; 
Col.7: the standard deviation of log of the Eddington ratio; Col. 8: Number. Col. 9: possibility from the same parent population 
of the Eddington ratio. A: objects with ,/Vh > 10 24 cnf 2 and the available Eddington ratios, B: objects with Nn < 10 24 cnT 2 and the 
available Eddington ratios, C: objects with the direct er, measurements. 
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FIG. 2. — Left-hand side: the distribution of SMBHs masses for HBLRs Sy2s and non-HBLRs Sy2s. Right-hand side: the distribution of the Eddington ratios for 
HBLRs Sy2s and non-HBLRs Sy2s. 




FIG. 3. — Left-hand side: Lx versus L[o iirj; Right-hand side: Lx/^Edd versus Lbol/^-Edd- The solid line is the best fit with the fixed slope index of one and the 
dash line is the best fit with unfixed slope index. The red squares denote HBLRs Sy2s and the black squares denote non-HBLRs Sy2s. 
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FIG. 4. — Left-hand side: the central SMBHs masses versus the Eddington ratios. Right-hand side: the [O III] A 5007 luminosity versus the Eddington ratios. The 
dash line showed the ZoglXbol/^Edd) threshold of -1.37. The symbols are same to that in Fig. 3. 
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log L (ergs") 



FIG. 5. — Left-hand side: Nh versus the Eddington ratios. Right-hand side: Nn versus the [O III] A 5007 luminosity. The dash line showed the log(Ltoi /^-Edd) 
threshold of -1.37 (left panel) and the Lyo mj threshold of 10 4I ergj'~' (right panel). The horizon solid line is the line of = 10 24 cm~ 2 . The symbols are same to 
that in Fig. 3. 




FIG. 6. — /60//25 versus Lbol/^-Edd f° r Compton-thin Sy2s (]% < 10 24 cm 2 ). The symbols are same to that in Fig. 3. 



